Abstract. Gallinacins (Gal) are antimicrobial peptides that play significant roles in innate immunity in chickens. The aim of this study was to examine whether age of birds and egg-laying activity (laying and non-laying caused by feed-regulation) affect the mRNA expression of Gal-1, -2, and -3 in the vagina of hens, and whether their expressions are changed in response to the stimulation with salmonella enteritidis (SE) and lipopolysaccharide (LPS). White Leghorn hens were divided into groups of young and old laying hens, and groups of laying and non-laying hens after feed-regulation. Vaginal cells were cultured and stimulated with SE or LPS. Expressions of Gal-1, -2, and -3 mRNA in their vaginal mucosa and cultured cells were examined by quantitative real-time RT-PCR. The expressions of Gal-1, -2, and -3 of the vaginal mucosa were significantly greater in old birds than in young birds. Expression of these Gals in the vagina were decreased in the regressed oviduct of nonlaying birds compared with laying birds. The expressions of Gal-1, -2, and -3 in the cultured vaginal cells were increased by stimulation with SE or LPS within 24 h. These results suggest that the mRNA expressions of Gal-1, -2 and -3 in the vagina of laying hens increased with age, whereas they decreased in the regressed oviduct during the non-laying phase. Also, synthesis of these antimicrobial peptides in the vagina may increase in response to SE and LPS to eliminate SE bacteria.
class II (MHC class II+ APC), T cells, and B cells, which are all involved in acquired immunity [10] [11] [12] . These immunocompetent cells were more abundant in the two ends of the oviduct, namely the infundibulum and vagina [10] [11] [12] . Their population in the oviduct increased with sexual maturation and then decreased with age in laying hens [11, 12] . Feed withdrawal caused declines in immunocompetent cell populations in association with cessation of egg-laying and regression of the oviduct [10] . One of the factors affecting the populations of these immunocompetent cells may be estrogen because injection of birds with estrogen increased their cell populations [11] . Zhao et al. [7] examined the expressions of Gal in various tissues of 3-month-old chickens but did not find Gal-1, -2, and -3 expressions in the oviduct. More recently, however, we identified mRNA expressions of Gal-1, -2, and -3 in the oviduct of laying hens by RT-PCR, and these expressions were localized in the mucosal epithelium of the vagina [13] . Thus, it is likely that Gals are involved in the innate immunity of the hen oviduct. Because the immunocompetent cell populations are affected by age and egg-laying activity (laying or non-laying), the expressions of Gal-1, -2, and -3 in the oviduct may also be affected by these factors. If Gal in the vagina plays a role in the elimination of microorganisms, expression may change in response to microorganisms. However, little is known about the factors affecting the expression of Gal in the hen oviduct.
The aim of this study was to determine the effect of age and egg-laying activity on the expression levels of Gal-1, -2, and -3 mRNAs in the vagina of the hen oviduct. To confirm that the Gal mRNA examined in this study responds to bacteria, changes in the expression levels of Gal mRNAs in cultured vaginal cells in response to inoculation w i t h s a l m o n e l l a e n t e r i t i d i s ( S E ) a n d lipopolysaccharide (LPS), which is a Gramnegative cell wall component, were also examined.
Materials and Methods

Experimental birds
White Leghorn hens laying 5 eggs or more in sequence were kept in individual cages under a light regimen of 14 h L : 10 h D and were provided with commercial feed and water ad libitum. The experimental groups for examination of the effects of age, egg-laying activity, and inoculation with SE and LPS in vitro were designed as described below. Handling of the birds was performed in accordance with the Hiroshima University regulations for the conduct of animal experiments.
Experimental design Experiment 1. Examination for the effects of age on Gal mRNA expression: Two different aged groups of laying birds, namely 180-d-old and approximately 720-d-old birds, were used (young and old groups, respectively: n=4 birds in each group). The birds were euthanized by decapitation 1-2 h after oviposition, and the oviducts were excised for collection of mucosal tissues from the vagina. Then, the mucosal tissue was homogenized in Sepasol RNA I Super (Nacalai Tesque, Inc., Kyoto, Japan) to extract total RNA according to the manufacturer's protocol. The pellet of RNA was resuspended in Tris-EDTA buffer and treated with DNase I (Roche Diagnostics GmbH, Mannheim, Germany) at 37 C for 60 min. The concentration of the RNA sample was measured using GeneQuant Pro Spectrophotometer (Amersham Pharmacia Biotech, Uppsala, Sweden), and the samples were stored at -80 C until use. Experiment 2. Examination for the effects of eggl a y i n g a c t i v i t y o n G a l m R N A e x p re s s i o n : Approximately 720-d-old birds were used for this examination. Feed was provided ad libitum or withdrawn for 4 days as described previously [14] . Free access to water was provided for all birds. Egg-laying was continued in the fed birds (laying group: n=4), but ceased within 3 days in the feedregulated group (non-laying group: n=4). The birds in the laying group were used 1-2 h postoviposition. Mucosal tissue of the vagina was collected, and the total RNA was extracted as described above. Experiment 3. Examination for the effects of stimulation by SE bacteria and LPS on Gal mRNA expression in vitro: The oviducts of approximately 360-d-old birds were excised and mucosal tissues of the vagina were collected to examine the effects of SE and LPS on Gal mRNA expression (n=4 birds each). The collected mucosal tissues were i n c u b a t e d w i t h 1 0 0 U / m l c o l l a g e n a s e (Worthington Biochemical Corp., Lakewood, NJ, USA) in phosphate buffered saline at 37 C for 20 min. The dispersed cell samples were filtrated through a stainless steel mesh, and washed three t i m e s w i t h c u l t u r e m e d i u m b y r e p e a t e d centrifugation at 340 g for 5 min. The culture medium consisted of Eagle's MEM (Nissui Pharmaceutical Co., Ltd., Tokyo, Japan), 40 mM Lglutamine (Nacalai Tesque, Inc.), 0.2% (v/v) sodium bicarbonate and 10% (v/v) calf serum (Nippon Biotest Laboratories Inc., Tokyo, Japan). Cell viability, as determined by trypan blue exclusion, exceeded 90% for all samples. The isolated cells were suspended in culture medium and placed on 6-well plates (Falcon 3046; Becton Dickinson, Lincoln Park, NJ, USA) at 5 × 10 6 cells/5 ml per well. They were pre-incubated in a humidified, 5% CO2, and 95% air atmosphere at 37 C. In the preliminary analysis to determine the changes in expression of Gal-1, -2, and -3 mRNA during culture, the expressions were examined at 0, 12, 24, 36, and 48 h after the culture. The expressions of these Gal mRNAs declined up to 24 h after culture and then stabilized after that (data not shown). Thus, SE or LPS was administrated to cultures after 24 h of pre-incubation.
The SE bacteria were dissolved in culture medium at a concentration 5 × 10 3 cells/ml. The SE bacteria were the same as those used in a previous study [15] . The LPS solution was prepared by dissolving LPS (Wako Pure Chemical Industries, Ltd., Osaka, Japan) in culture medium at a concentration of 5 to 500 ng/ml. The SE suspension or LPS solution was applied to each culture well of vaginal cells pre-incubated for 24 h at final concentrations of 1 × 10 3 SE/mL and 1 to 100 ng LPS/mL.
The Gal-1, -2, and -3 mRNA expressions were examined at 0, 12, or 24 h after application of SE or LPS. For the isolation of total RNA, the culture medium was discarded and 1 ml of Sepasol RNA I Super was applied to each well, followed by pipetting in the well and homogenization of c o l l e c t e d c e l l s a m p l e s a c c o r d i n g t o t h e manufacturer's protocol. The collected RNA samples were resuspended in TE buffer and treated with DNase I as described above.
Reverses transcription and real-time PCR
The RNA samples were reverse-transcribed using Rever Tra Dash (Toyobo Ltd., Osaka, Japan) according to the manufacturer's protocol [16] . The reaction mixture (10 µl) consisted of 1 µg of total RNA sample, 1 × RT buffer, 1 µM each dNTP mixture, 20 U RNase inhibitor, 0.5 µg Oligo(dT)20, and 50 U Rever Tra Ace. The reaction mixtures were incubated at 42 C for 30 min, followed by 99 C for 10 min and 4 C for 5 min.
Quantitative PCR for Gal-1, -2, and -3 expressions was performed using a LightCycler-FastStart DNA Master SYBR Green I kit (Roche Diagnostics GmbH). The reaction mixture (20 µl) consisted of 1 X LC FastStart DNA Master SYBR Green I, 2 mM MgCl 2 , 0.6 µM each of forward and reverse primers, and cDNA corresponding to 1 µg of the initial total RNA. The PCR was run on a LightCycler system (Roche Diagnostics). The cycling conditions were as follows: initial denaturation at 95 C for 10 min, followed by 40 cycles at 95 C for 15 sec, 58 C (for To confirm the correspondence of the nucleotide sequence of the PCR products to those of the reported ones, PCR was performed as described previously [13] . A cDNA sample from the mucosal tissue of an old bird and the same primers for Gal-1, -2, and -3 as described above were used for the PCR. The nucleotide sequences of the PCR products of Gal-1, -2, and -3 were determined using a BigDye Terminator Sequence Kit (ver. 3.1, Applied Biosystems, Foster City, CA) with an ABI 3100 Automated Sequencer (Applied Biosystems, Foster City, CA). The sequences were analyzed with the G-PROF and GENETYX Software packages (Genetyx Corporation, Tokyo, Japan).
Statistical analysis
The results were expressed as means ± SEM. The statistical significance of differences between groups was assessed by Student's t-test. The data regarding the effects of SE and LPS on the expression of Gal was subjected to two-way A N O V A , f o l l o w e d b y T u k e y ' s m u l t i p l e comparison tests. A P value of less than 0.05 was considered significant.
Results
Experiment 1
The sequences of the RT-PCR products of Gal-1, -2 , a n d -3 o b t a i n e d i n t h e c u r r e n t s t u d y corresponded to those reported in the DNA data bank (Fig. 1) . Expressions of Gal-1, -2, and -3 mRNA were observed in the vaginas of both young and old groups. The mRNA expressions of these types of Gal in the old group were 2.5 to 3 times greater than in the young group (P< 0.05) (Fig. 2) .
Experiment 2
The weights of the ovaries and oviducts were significantly lower in the non-laying group than in the laying group (ovary: 22.3 ± 1.1 and 12.0 ± 0.9 g/ kg body weight in the laying and non-laying groups, respectively; oviduct: 35.0 ± 4.0 and 21.2 ± 1.2 g/kg body weight in the laying and non-laying groups, respectively; values are means ± SEM, n= 4.). Figure 3 shows the expressions of Gal-1, -2, and -3 mRNA in the vaginas of laying and non-laying groups. Expression of each Gal mRNA was significantly decreased in the non-laying group compared with the laying group (P<0.05). Figure 4 shows the effects of SE inoculation on the expression of Gal-1, -2, and -3 in cultured vagi nal cells pre-cu ltured f or 24 h before inoculation. The expression of each Gal was unchanged in the control group during 24 h of culture. However, their expressions were gradually increased after SE inoculation, and the e x p r e s s i o n s 2 4 h a f t e r i n o c u l a t i o n w e r e significantly greater than in the controls (P<0.05).
Experiment 3
The effects of LPS on the mRNA expression of Gal in the cultured vaginal cells are shown in Fig. 5 . The expression of Gal-1 mRNA was unchanged in the culture without LPS for 24 h. LPS increased the expression level of Gal-1, and the expression was significantly greater with 24 h of incubation than 0 h of incubation at all different doses of LPS (1, 10, and 100 ng/ml) (P<0.05). The expressions of Gal-2 and -3 were unchanged in the culture without LPS until reaching 24 h of incubation. In the cultures with 1, 10, and 100 ng/ml LPS treatment, the expressions were unchanged until reaching 12 h of incubation, but were significantly increased when they reached 24 h of incubation (P<0.05).
Discussion
Our study showed that expression of mRNA of antimicrobial peptides, Gal-1, -2, and -3 was affected by age, egg-laying, and SE stimulation in the vagina of adult hens. The significant findings were as follows: (1) the expressions of Gal-1, -2, and -3 in the cells of the vagina increased with age; (2) their expressions were decreased in the regressing oviduct as a result of feed regulation; and (3) Gal-1, -2, and -3 mRNA expression in cultured vaginal cells was enhanced by stimulation with SE and LPS.
Although the MHC class II+ APCs increase with age in the vagina of laying hens, the populations of T and B cells decrease [12] . This result suggests that acquired immunity mediated by lymphocytes declines with age. Macrophages, which play roles in the first defense system against the invasion of pathogens, were found to be increased in the mucosal tissues of the oviduct of aged birds [17] . Macrophages and Gal are significant factors affecting innate immunity. The current results suggest that synthesis of Gal also increase with age because the Gal-1, -2, and -3 mRNA expressions were increased. Increased Gal synthesis together with macrophages may be important for balancing the declined lymphocyte-mediated acquired immunity in aged birds. The mRNA expressions of Gal-1, -2, and -3 in the vagina were significantly lower in the non-laying group compared with the laying one. The weights of the ovaries and oviducts were significantly smaller in the non-laying group than in the laying group, suggesting that the circulating estrogen level was lower in the non-laying birds [18] . Thus, it is likely that expression of Gal in the vagina is dependent on the functional stage of the oviduct, namely it declines with regression of the oviduct due to a decrease of estrogen. The populations of MHC class II+ APC, T, and B cells also decline in the regressed oviduct of molting hens [10] . Because the population of these immunocompetent cells are increased by estrogen in immature birds, a close relationship has been suggested between the population of oviductal immunocompetent cells and estrogen level [12] . We suggest that regression of the oviduct may cause not only a decrease of immunocompetent cells, but also a decrease of antimicrobial activity mediated by Gal-1, -2, and -3. Thus, it is possible that the regressed oviduct is more susceptible to pathogenic agents.
The expression levels of Gal-1, -2, and -3 mRNAs in the cultured vaginal cells were increased by SE inoculation within 24 h. This result suggests that the expression of Gal mRNA as examined in this study could respond to SE. Stimulation by 1, 10, or 100 ng/ml LPS also increased their expression within 24 h. LPS is a major component of the Gram-negative cell wall, including SE [19] . Thus, the increase of Gal mRNA expression by SE is supported also by the effects of LPS. Expressions of β-defensin have also been reported in the human female reproductive tract [20, 21] , and expression in vaginal epithelial cells has also been stimulated by LPS [22, 23] . Among β-defensin-1, -2, and -3, only β-defensin-2 mRNA expression is stimulated by LPS in the human reconstituted epidermis [19] . However, the current results suggest that all of the Gal-1, -2, and -3 expressions are enhanced by LPS in the vaginal cells of hens. Many microorganisms may enter the vagina from the cloaca in hens. The current results suggest that synthesis of Gal by vaginal cells may increase in response to SE and other Gram-negative cells containing LPS.
Although there is a marked structural difference in t h e v a g i n a b e t w e e n b i r d s a n d m a m m a l s , antimicrobial activity in the vagina is likely essential in both to protect the reproductive tract from infection.
In conclusion, we suggest that the mRNA expressions of Gal-1, -2, and -3 in the vagina of laying hens increase with age, while it decreases in the regressed oviduct of non-laying adult hens. Synthesis of these antimicrobial peptides may be enhanced in response to microorganisms, as SE and LPS stimulated expression of their mRNAs.
